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Topics Topics 
• Background to PCB drilling market
• What does the market need now & in the future?
• What is the current technology ?

– Spindles
– Machines
– Drills
– Boards

• What’s next in spindle technology?

Westwind UK Westwind China
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World finished World finished 
board area to board area to 
2014 2014 –– BPA BPA 

Consulting LtdConsulting Ltd

World finished board area, actual/forcast to 2014 - BPA Dec 2010
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JEITA roadmap for PWB hole diametersJEITA roadmap for PWB hole diameters
((Japan Electronics & Information Technology Industries AssociatioJapan Electronics & Information Technology Industries Association)n)

Micro Drill customer usage (forecast) - PWB
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JEITA roadmap for Substrate hole diametersJEITA roadmap for Substrate hole diameters

Micro Drill customer usage (forecast)
 - Package substrates (mechanical)
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 -  Package Substrates (LASER )
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Microdrill diameter vs. rotational speed for various materials
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MicrodrillMicrodrill diameter vs. ideal rotational speed diameter vs. ideal rotational speed ––
future needsfuture needs

477,000 rpm for 0.1mm drill

954,000 rpm for 0.05mm drill

358,000 rpm for 0.15mm drill

200,000 rpm for 0.25mm drill
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Speed is King: The need for very high Speed is King: The need for very high 
speed spindlesspeed spindles

The correct cutting speed gives demonstrated lower running 
costs through:

•Longer tool life
0.1mm dia: S200, 3000 hits => S300, 6000 hits

•Less tool breakage
0.1mm dia: S200, 0.01% => S300, 0.005%

•Improved hole quality
•Higher productivity in volume manufacture:

– 0.1mm dia. S200, 560hits/min => S300, 700 hits/min
– Next generation machines will achieve 850-1000 hits/min

Data courtesy of Posalux
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Drilling machine market 2010Drilling machine market 2010
(based on spindle sales)(based on spindle sales)
Machine type - drilling Machine type - drill/routing

Machine model Standard Extended Premium Micro-drilling Standard Extended Premium
20-160k rpm 20-180k rpm 20k-200k rpm 30k-250/330k rpm 20-80k rpm 20-125k rpm 20-150k rpm

Application Motherboard M/L + HDI M/L + HDI BGA/CSP General General small pocket
Schmoll Y Y Y Y Y Y
Posalux Y Y Y Y
Lenz Y Y Y

HVM Y Y Y (330k) Y (b/b) Y
Roku-Roku Y Y Y

Tong Tai Y Y Y Y (250k) Y
Ta Liang Y Y Y Y (b/b)
Takisawa Y Y Y (b/b) Y
Anderson Y Y Y (b/b)

Hans CNC Y Y Y Y (b/b)
Timax Y Y Y Y (b/b)
Mantat Y
Qianghua Y Y
Vega Y Y
Others Y Y

% of market 44 22 27.5 6.5

PCB machine speed range - 2010
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Note some missing familiar names:
Excellon, Mania, Pluritec
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Current industry leading spindles for full Current industry leading spindles for full 
range drilling & microrange drilling & micro--hole drillinghole drilling

•Speed range: 20k to 200k rpm
•Drill range: 6.35mm to 0.15mm dia.
•Collet size: 1/8” dia.

D1822 spindle D1790 spindle
•Speed range: 30k to 285k rpm
•Drill range: 3.2mm to 0.05mm dia.
•Collet size: 2mm or 1/8”
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Water cooled body

Motor

Collet for 
gripping tool

Front radial bearing
Rear radial bearing

Axial bearing
Piston pack

Shaft

High speed air bearing spindle High speed air bearing spindle 
crosscross--sectionsection

• Very high rotational speed
• Low vibration 
• High rotational accuracy
• Low heat generation
• High stiffness 
• Long lifetime
• Zero contamination
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Current industry issues Current industry issues -- CpkCpk drilling drilling 
accuracy & large hole burr heights accuracy & large hole burr heights 

((using D1822 200k full range spindle)using D1822 200k full range spindle)

D1822 - 168k rpm
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Cpk=1.8; 3=36um

•Panel: t1.6mm FR4 (Cu35u0) x 2 high Spindle Speed: D1822 -168k rpm
•Entry: 0.2mm Al Drilling Speed: 3.3m/min infeed
•Drill: 0.35mm dia. Drilled holes: 920

Average burr height ~ 10 microns;    
Max burr height ~ 16 microns

•Measurements taken using Nikon VMR3020

Drilling Accuracy (bottom board)Drilling Accuracy (bottom board)

3  Upper Specification Limit

3D laser 3D laser profilometerprofilometer burr measurementsburr measurements

6.35mm dia. hole, 20k rpm, 0.8m/min feed6.35mm dia. hole, 20k rpm, 0.8m/min feed

Industry leading results
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D1822 D1822 CpkCpk between 160k & 207k rpmbetween 160k & 207k rpm
D1822 cpk readings
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Good result over wide speed range
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Drilling machines Drilling machines -- what are the challenges in what are the challenges in 
HDI/BGA?HDI/BGA?

How can 500’000 micro-holes be drilled in 8 hours ?
ie = 1000 hits per minute, 5 panels high, 0.1mm thick, with a 0.1mm dia drill

Z-axis improvements Previous Latest
Acceleration 10 m/s2 15 m/s2
Jerk time 8 ms 5 ms   (time to reach acceleration)

Decrease drilling stroke using improved micro-pressure foot (no air 
drilling !)

Stiffer machine design – structure & mechanics

High speed spindles - 300k+ rpm & dual head stations

Improved heat management – machine & environment

Data courtesy of Posalux
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3 position micro-pressure foot
• Holds the entry foil nearer to drill bit
• Insert for small hole drilling

– 1.5 mm opening, active from  0.7mm
– Increased accuracy because of closed insert

• Large opening for large diameters

Data courtesy of Posalux

Need airflow around tool
Especially at bottom of stroke
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Improved stiffness between ball screw and linear motorImproved stiffness between ball screw and linear motor
due to minimal mechanical parts with optimum digital  due to minimal mechanical parts with optimum digital  

servo control technologyservo control technology

Rotary motor

Motor mount

Coupling

Locknut, Lockwasher
Bearing, Bearing retainer
Bearing mount, Bumper

Ball-screw

Nut
Nut mount

Pillow block
Bumper
Bearing
Bearing retainer

Secondary part

Primary part

timeac
cu

ra
cy

Leadscrew

timeac
cu

ra
cy Linear Motor

Fast dynamics, high productivity
and ultimate in accurate drilling

Data courtesy of Posalux
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Stiff machine base ensures low vibration Stiff machine base ensures low vibration -- FEA FEA 
and modal analysesand modal analyses

Data courtesy of Posalux

Synthetic granite base & cross-beam
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TemperatureTemperature management management –– effecteffect on machine & on machine & boardboard

1250 mm (49.2”)

Linear thermal expansion coefficient
• Influence of 1°C temperature change:

X Axis/table: 12µm °K-1 m-1 • 1°K • 1.25m = 15µm (0.6 mil)
Panel:           16µm °K-1 m-1 • 1°K • 0.610m = 10µm (0.39 mil)

16µm °K-1 m-1 • 1°K • 0.457m = 7.3µm (0.29 mil)

Data courtesy of Posalux
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World Total Sales by Volume Drill Bit Diameter World Total Sales by Volume Drill Bit Diameter -- BPABPA

Drill TechnologyDrill Technology
–– the move to smaller drill diametersthe move to smaller drill diameters

Large % increase over 2007
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UTUT 2mm shank: 0.1mm 2mm shank: 0.1mm diadia tool datatool data

T ool B reakage Life

0

1000

2000

3000

4000

5000

6000

160 300

S pindle S peed

T
o
o
l
 
B
r
e
a
k
a
g
e
 
L
i
f
e
 
[
h
i
t
s
]

AVE

krpm

PW B：ｔ0.1（DS）ｘ8s
C hip Load ： 5μm /rev

t0.1（D/S）ｘ 8stacks, Drill 0.10mm

300,000rpm ! 2mm Shank Drill

L : Normal 1/8’ Shank with 1.5’ OAL         
R : 2mm Shank with 1.25’ OAL



Copyright 2011, GSI Group UK Company Confidential

UT 2mm shank:  UT 2mm shank:  
0.05mm dia. drilling data0.05mm dia. drilling data

300,000 rpm, 2.25m/min

Up to 6000 hits
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35micron

40micron

45micron

50micron

75micron

100micron

150micron

Mass Production

Pilot production

Prototype

UT - Increasing demand of micro-mechanical drilling

0.035mm

0.05mm

0.075mm

0.15mm

Now down below 0.02mm!
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Drilling new board materialsDrilling new board materials
• Halogen-free board adoption will 

continue from about 30% today to   
about 60% by 2013 – harder 
(slower) to drill due to additives 
(silica, powdered ceramic, etc), 
implying more machines needed 
for same board output

• High Tg materials appear to cause 
greater tool wear & have the 
potential for creation of finer/more 
abrasive swarf, which could be an 
issue with the spindle collet & the 
pressure foot

• Lubricated entry materials for use 
with micro-drills in BGA work, 
such as LE400/800 – the 
vapourised lubricant can get up 
into the spindle and cause 
problems. Also CpK can be 
affected if material is too thin

Japan PWB production local use (1000m^2/year) - JEITA
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What’s next in WW spindle technology ?What’s next in WW spindle technology ?
370k rpm DC small hole drilling spindle370k rpm DC small hole drilling spindle

• Permanent magnet DC motor
• 370k rpm real shaft speed
• Ultra fast acceleration
• 2mm and 1/8” collet options
• 4 mm hole capability - single shot 
• Ultra low DRO

Next generation spindle for BGA & HDI markets with 
greater speed range and larger hole capability

Available end 2011/early 2012
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370k rpm spindle DRO trace with 1/8” 370k rpm spindle DRO trace with 1/8” colletcollet

D1795-01 #110 DRO trace
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Initial application testing Initial application testing 

• 0.05mm dia, 370k rpm
• In-feed: 0.5m/min
• Material: 0.1mm thick HL832HS 12/12 CCL
• Layers: 3 
• Entry material: LE800

• 0.1mm dia, 350k rpm
• In-feed: 0.5 m/min
• Material: 0.15mm thick HL832HS 12/12 CCL
• Layers: 3
• Entry material: Al foil
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Design issues to face at very high speeds Design issues to face at very high speeds ––
at 400k rpm & beyondat 400k rpm & beyond

• Ability to grip tool due to centrifugal forces pulling the 
collet jaws apart at max speed

• Controlling DRO through the speed range to minimize 
micro-drill tool breakage

• Maintaining enough motor torque at low speeds to drill 
larger holes – even 3.2mm dia. can become an issue

• Resisting the higher G forces applied by the linear 
motors to achieve greater hit rates

• Improving tool designs to prevent critical resonances due 
to slender L/D ratios – maybe only 1.6mm shank too



Copyright 2011, GSI Group UK Company Confidential

Mechanical versus laser drilling in the futureMechanical versus laser drilling in the future

• The battleground on hole diameter will be between 50 & 100 
microns, above which mechanical drilling will still dominate for many 
years 

• Below 50 microns, laser drilling will remain exclusive due to the 
much lower cost-per-hole

• Hence, production drilling spindles above 450/500k rpm will be 
unlikely to be needed

• High end IC substrates will move to coreless technology, favouring 
laser technology (currently mechanical drilling is still widely used in 
both CSP & BGA cores)

• The trend for thinner copper plating (12 rather than 18 micron) for 
next generation IC’s products will favour laser drilling

• However, the trend for thicker copper plating in power applications 
(auto & comms markets) favours mechanical drilling
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Thank you for listeningThank you for listening
Any questions ?Any questions ?

Or meet us in the bar Or meet us in the bar 
afterwards for a chat !afterwards for a chat !

cgerrard@gsig.com


